Study Design. Retrospective case-control study.
A lthough thoracic ossification of posterior longitudinal ligament (OPLL) is a relatively rare illness as shown by Otsuka et al 1 who reported its frequency as 0.8%, it is not rare that this illness greatly reduces the activity of daily living of the patient. Pham et al 2 reported that 48.7% of the OPLL patients exhibited aggravation after receiving conservative treatment, even if the patients who presented without or with myelopathy. Some authors reported their clinical progression as invasive treatment is often chosen for thoracic OPLL. 3, 4 In addition, a higher percentage of thoracic OPLL patients experience postoperative aggravation of paralysis than cervical OPLL patients, including patients that presented great difficulties in treatment. In Japan, Matsumoto et al 5 reported on a nationwide study on the results of surgery on patients with thoracic OPLL, which reveals a pressing need for investigation for ways to minimize postoperative aggravation of paralysis. In this study, we followed the study by Matsumoto 
SUBJECTS AND METHOD
During 2007 to 2011, the Monitoring Committee of the Japanese Society for Spine Surgery and Related Research conducted a nationwide multiinstitutional survey to determine the manner in which monitoring on vertebral surgery was conducted. A questionnaire was sent to 72 institutions consisting of training institutions of the Japanese Society for Spine Surgery and Related Research and 8102 monitoring cases (including all spinal disease) were compiled. Of the 8102 patients, the 156 patients with thoracic OPLL were selected as the subjects of this study (102 patients of posterior decompression with instrumental fusion; 46 patients of decompression alone; and eight patients of anterior decompression through posterior approach). The items for review were: (i) the duration of disease (from first symptoms to operation); (ii) OPLL levels (T1/2-4/5: high, T5/6-8/9: middle, and T9/10-11/12: low); (iii) the preoperative muscle strength (Muscle Manual Testing: MMT) 6 ; (iv) the spinal canal occupancy ratio (at the narrowest section); (v) OPLL type (linear, beaked, continuous waveform, continuous cylindrical, and mixed type) (Figure 1 A-D) 3 ; (vi) the ratio of yellow ligament ossification as a complication; (vii) the rate of transcranial-motor evoked potential (Tc-MEP) derivation (the percentage of the lower limb muscles where derivation was made at the beginning of surgery, which refers to the percentage of muscles evoked in the lower limb muscle channels at the start of the operation. It was standardized as the simulation and derivation conditions of Tc-MEP monitoring as shown in Figure 2 ); (viii) the preoperative/postoperative kyphotic angles in the thoracic vertebrae; (ix) the correction angle of kyphosis (preoperative value -postoperative value: we reviewed this item only in the 42 patients in which fusion of at least five vertebral bodies was also performed); (x) the duration of surgery; and (xi) the amount of bleeding. Those subjects that exhibited reduction in the MMT value of 1 or more on the day after the surgery were classified as the group with postoperative paralysis. The group with postoperative paralysis and the group without it were compared to determine the risk factors of postoperative paralysis.
As statistical analysis, t test and logistic regression analysis were performed on the foregoing data using IBM SPSS software version 20.
RESULTS
Twenty-three patients (14.7%) exhibited postoperative paralysis. Twenty patients (12.8%) of posterior decompression with instrumental fusion; two patients (1.3%) of decompression alone; and one patient (0.6%) of anterior decompression through posterior approach were included.
Among what were thought to be the factors of potential postoperative paralysis, no significant difference was observed between the two groups in OPLL levels (percentages of middle levels: 65.2% vs 42.7%); the preoperative muscle strength (MMT: 4.4 vs 3.7); the spinal canal occupancy ratio (51.6% vs 50.4%); the ratio of yellow ligament ossification as a complication (73.9% vs 69.0%); and the preoperative kyphotic angles in the thoracic vertebrae (preoperative: 308 vs 298, postoperative: 218 vs 22.78). There were significant differences between the two groups, however, in the duration of disease (with paralysis vs without paralysis: 13 months vs 31.1 months), the correction angle of kyphosis (9.18 vs 14.68); the rate of Tc -MEP derivation (48.5% vs 67.4%); the duration of surgery (495 mins vs 404 mins); and the amount of bleeding (1422 mL vs 681 mL). (P < 0.05) ( Table 1) .
Logistic regression analysis identified an odds ratio (OR) of 3.3 for the duration of disease; an OR of 2.4 for the correction angle of kyphosis; and an OR of 2.2 for the rate of Tc -MEP derivation (Table 2) .
Aggravated paralysis persisted postoperatively for at least three months in 6 of the 23 patients (26%).
DISCUSSION
Although thoracic OPLL is a rare illness, it has a high percentage of postoperative paralysis and often affects the activity of daily life of the patient. Accordingly, there is a need for early establishment of a safer treatment plan. Although a few reports were made on the percentage of paralysis in thoracic OPLL in the past, these reports dealt with a small number of patients and relied only on information preoperatively obtained from the patients to determine the causes of paralysis. [7] [8] [9] On the other hand, we conducted a large-scale, multiinstitutional survey by incorporating intraoperative factors, such as Tc -MEP and the correction angle of kyphosis.
No significant difference was recognized in preoperative reduction in the muscle strength or the spinal canal occupancy ratio, which were thought to be risk factors for postoperative paralysis. However, significant postoperative aggravation of paralysis was found in the patients with a short duration of disease, the rate of Tc -MEP derivation below 50%, and relatively small correction angles of kyphosis. (Figure 3A,B) Matsumoto et al 5 observed no significant difference between 1 to less than 3 years of the duration of disease and at least 3 years of the duration of disease, and Pham et al 2 also reported that 48.7% of the patients with preexisting clinical symptoms experienced postoperative aggravation. The result of our study, however, suggests that the shorter the duration of disease, the less stable and more critical the spinal cord is. As risk is involved in surgery performed within less than a year from the appearance of the symptoms, it may be worthwhile to consider postponing the surgery if aggravation of paralysis is recognized. There are a few other reports on the usefulness of spinal monitoring in vertebral/spinal surgery. As for certain patients that exhibited no difference in preoperative MMT but did exhibit significant difference in the rate of Tc-MEP derivation, it is thought that Tc-MEP may be able to indicate the condition of the spine more sensitively and thus can be an effective tool for predicting paralysis. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In particular, if the derivation rate of the lower limb muscles is below 50%, the spinal cord is in a critical condition requiring a great deal of care during surgery.
Moreover, if the correction angle of kyphosis is less than 108, it is possible that the spinal cord is not sufficiently detached. Therefore, achieving a larger correction angle is crucial to elimination of paralysis (Figure 4 ). To perform larger correction than 10 degrees, it may also be worthwhile to consider increasing the range of fixation during the preoperative planning stage.
Zhang et al 20 reported that kyphoplasty of 5-158 resulted in decompression because of posterior migration of the spinal cord, indicating the usefulness of this corrective technique. 5 One limitation of this study is the small number of patients of paralysis (14.7%), which may call for a larger-scale study, and another limitation is that more factors may need to be considered as a wide variety of risk factors exist that cause paralysis. A 63-year-old female. T3-6 laminectomy and T2-9 pedicle screw were performed, T2-9 angle corrected from 318to 208. For dekyphosis correction T3-6 facetectomy was also performed. She had no postoperative motor deficit.
